Asia is one of the most diverse and dynamic continents. Due to recent rapid industrialisation and urbanisation, morbidity patterns are likely to be diverse in Asian populations. Chronic cough is a disease condition resulting from host-environmental interactions, and is associated with a high global epidemiological burden. However, the underlying epidemiology remains unclear, particularly in Asia. We performed a literature search to identify peer-reviewed articles on chronic cough in community-based adult Asian populations that have been published between January 2000 and June 2015. In this review, we aim to examine the epidemiological characteristics and determinants of chronic cough in several geographical areas of Asia.
INTRODUCTION
Asia is one of the largest, most populous, diverse, and dynamic continents. It covers about 30% of the Earth's land area and is home to 60% of the current global population [1] . Economically, Asia includes some of the world's wealthiest as well as some of its poorest countries. The same is also true with regard to education and health status. Over the past several decades, industrialisation and urbanisation have occurred at a rapid pace in Asia, resulting in considerable changes in the health and apallergy.org http://dx.doi.org/10.5415/apallergy.2015. 5.3.136 disease situations in this previously mostly agricultural region. In the context of their unique cultures, lifestyles, environments, and genetic backgrounds, the morbidity patterns within Asian countries are likely to be both diverse and different from those reported elsewhere in the world.
Coughing is an intrinsic defensive response against external inhaled stimuli [2] . The cough reflex is provoked in response to inhalational irritants or infectious stimuli. If the harmful inhalation is repeated, the protective cough response may be seen as chronic (e.g., smoker's cough [3] ). However, the characteristics of the cough observed in patients visiting cough clinics are hypersensitive rather than protective responses, which are provoked by trivial stimuli such as cold air, perfume, singing or talking [4] [5] [6] . Except in the context of cough hypersensitivity, these stimuli usually do not elicit a tussive response. It has been suggested that several intrinsic host factors, such as older age, female sex, allergy, or comorbidities, modify host cough responses, leading to chronic hypersensitivity [7, 8] .
Considering the role of host-environment interactions in coughing, we hypothesised that chronic cough may have distinct characteristics in Asian countries. However, to our knowledge, there have been no previous studies directly comparing the epidemiological characteristics of the general populations of Asian countries or comparing those of Asia with those of other continents. Our recent meta-analysis indicated that chronic cough was less prevalent in Asia (2-7%) than in Europe (10-15%) and the USA (8-14%) [9] . To examine regional differences, a multinational community-based population survey conforming to a standard protocol is required. Before such a project can be undertaken, it would be useful to have an overview of the characteristics of chronic cough in Asian populations based on a comprehensive review of the relevant literature.
In this review, we examine Asian population-based studies of chronic cough and summarise the epidemiological determinants of chronic cough in Asia.
LITERATURE SEARCH
We performed a semisystematic literature review to identify peer-reviewed articles on chronic cough in community-based adult Asian populations that have been published between January 2000 and June 2015. The PubMed database was searched using the term "chronic cough OR prolonged cough OR persistent cough" for each Asian country. Additional searches were performed in Google Scholar and via cross-referenced articles. For the purpose of analysis, we grouped studies from distinct geographical areas of Asia together.
EPIDEMIOLOGICAL CHARACTERISTICS IN ASIAN ADULTS East Asia
Several studies have indicated locoregional or nationwide prevalence rates of 2-5% for chronic cough, defined as "cough > 3 months".
In China, Venners et al. [10] compared the prevalence of chronic cough (defined as "cough for 3 or more months of the year") in Beijing, Anqing City, and rural Anqing areas (overall prevalence: 4.5%); they found positive associations between urban areas and chronic cough, but also suggested the potential effects of indoor particulate matter (PM10) exposure. Another urban-rural comparative study in Beijing also demonstrated an association between urban areas and persistent cough [11] . Additionally, a study of 22,528 adults living in rural Beijing areas found that the prevalence of chronic cough, which was 1.9%, was significantly associated with cigarette smoking and insecticide exposure at work as well as marginally associated with fertiliser and wood fuel exposure [12] .
In the heavy industry province of Liaoning, northeastern China, chronic cough had a prevalence of 2.3% and was significantly related to smoking (odds ratio [13] . Indoor irritant exposure, such as cigarettes at home (OR, 1.63; 95% CI, 1.45-1.84) and heating coal smoke exposure (OR, 1.10; 95% CI, 1.00-1.21), were also reported as risk factors [14] . In Inner Mongolia, chronic arsenic exposure via drinking water was a significant epidemiological issue; compared with unaffected villages, the presence of chronic cough was 13 folds higher among residents living in arsenicaffected areas [15] .
A recent online survey in Japan investigating the prevalence of chronic cough in the general population found prevalence rates of cough (defined as "having cough at present") and chronic cough (defined as "having cough lasting ≥ 8 weeks") of 10 respectively [16] . The proportion of those with chronic cough increased with age. About 72.6% of subjects with cough felt that it was troublesome; the main reasons for being troubled by cough were "feeling ashamed to cough in front of other people" (49.0%), "causing trouble to other people" (42.8%), and "having difficulty in conversation" (35.5%). Notably, about 60% of adults with cough had not visited a medical facility for the symptom, suggesting that a considerable proportion of cough patients remain undiagnosed.
Two studies performed in Korea found prevalence rates of chronic cough of 3.5% among middle-aged adults living in the cities Ansan and Ansung (aged 40-69 years) [17] and of 4.6% among the elderly living in Seongnam City (aged ≥65 years) [18] . In the former study [17] , the prevalence of chronic cough increased with age and was also significantly associated with undiagnosed airflow obstruction. In the latter study [18] , cough among the elderly was investigated in relation to comorbid conditions; the results indicated that chronic cough was significantly related to multiple comorbidities, including asthma, allergic rhinitis, constipation, and poorly controlled diabetes mellitus (glycosylated hemoglobin ≥ 8%). However, chronic cough was not related to other conditions, such as gastroesophageal reflux disease (GERD) and obesity (defined as body mass index ≥ 30 kg/m 2 ), which contrasts with surveys in Western populations [19] . This inconsistency may have been due to differences in prevalence, as obesity and GERD are much less prevalent among adult Koreans (3.8% and 1.1%, respectively [18, 20] ) than among those in the UK (20.6% and 14.6-22.9%, respectively [19] ).
A nationwide survey in Taiwan reported that the prevalence of chronic cough with phlegm (3.1%) was positively related to job stress [21] . This may be due to the positive association between stress and GERD. In a case-control study involving 109 temple workers and 118 controls, chronic cough was found to be 23 folds more frequent among temple workers who were frequently exposed to airborne pollutants emitted by burning incense [22] .
Southeast Asia
Several studies have examined the relationships between chronic cough and environmental pollutant exposure as well as with Asian dietary habits. In developing countries, there is significant concern over chronic cough as a sign of respiratory tract infection, such as pulmonary tuberculosis (TB) or paragonimiasis. In particular, persistent cough for longer than 2 or 3 weeks has been considered an indicator of suspected TB in several Southeast Asian countries [23] [24] [25] [26] . In these countries, national guidelines suggest that patients with persistent cough have their sputum examined for acid-fast bacilli.
A survey in Laos using a representative sample found that 5.1% of 374 chronic cough patients (cough > 3 weeks) had pulmonary TB [27] . It is also noteworthy that paragonimiasis, which is endemic in the area, was detected in 7.0% of chronic cough patients [27] . The endemicity of TB and paragonimiasis was also problematic in the province of Zamboanga del Norte, the Philippines (prevalences of 1.9% and 6.7%, respectively) among subjects with cough > 2 weeks in duration [28] . In northern areas of Vietnam, paragonimiasis is endemic, probably due to the dietary habit of eating raw crab; one report indicated that chronic cough was present in all cases of paragonimiasis detected during 1994-2000 (n = 178) [29] .
In Indonesia, persistent cough (defined as "cough > 3 months of the year") among 16,663 pairs of junior high school students and their mothers living in provincial capital cities was positively associated with living near a major road and active smoking [30] .
The Singapore Chinese Health Study provided novel insights into the epidemiology of chronic cough with phlegm in the middle-aged adult population in Singapore. The most notable findings were that dietary patterns contributed significantly to the incidence of chronic cough with phlegm. First, in their longitudinal follow-up survey, high-fibre diets were inversely correlated with new-onset chronic cough with phlegm, with OR of 0.61 (95% CI, 0.43-0.82) for daily intake of nonstarch polysaccharide, a major component of dietary fibre (comparing the fourth and first quartiles) [31] . Second, in their later study, the "meat-dim sum" dietary pattern (characterised by pork and chicken dim sum foods and noodle dishes) was positively associated with newonset cough with phlegm (OR, 1.43; 95% CI, 1.08-1.89; comparing fourth and first quartiles), even after adjustment for nonstarch polysaccharide intake [32] . In addition, this study also indicated that living with a smoker during childhood was related to having chronic dry cough in adulthood among a cohort of middleaged never-smokers [33] . Occupational vapour exposure, such as chemical solvents or cooking oils, was also positively associated with chronic dry cough [34] .
In Thailand, the prevalence of persistent cough with phlegm and that of frequent cough (> 4 times/day) among the traffic police in Bangkok (high PM10 level area) were 2.6% and 12.8%, respectively. However, similar symptoms were reported in only 1.5% and 8.8%, respectively, of general police officers in Ayutthaya (low PM10 level area) [35] . The effects of occupational risk factors were also documented in several studies. Glass microfibre factory workers had double the risk of recurrent/prolonged cough compared with office workers [36] . Workers at a rubber tree furniture factory had higher risk of cough, particularly if they were exposed to ethyl cyanoacrylate glue, compared with office workers [37] . The prevalence of chronic cough in roofing fibre cement workers exposed to high respiratory dust levels was higher than that of unexposed subjects (OR, 1.34; 95% CI, 0.80-2.25), although the difference was not statistically significant [38] .
The prevalences of longstanding cough (defined as a positive response to "Have you had a longstanding cough over the past several years?") in urban and rural areas of Vietnam were compared, and the results indicated a higher prevalence in the rural area, Bavi, than in the urban area, Hanoi (18.1% and 12.0%, respectively, p < 0.001). However, in both areas, current smoking was a significant risk factor for longstanding cough (vs. nonsmokers: OR, 1.45; 95% CI, 1.16-1.80) [39] .
South Asia
In South Asia, the prevalence data were obtained primarily from India. In terms of risk factors, environmental and occupational respiratory effects were examined in several countries. However, similar to Southeast Asia, there was also concern over TB in cases with persistent cough, > 2-3 weeks, in some areas [40, 41] .
The effects of exposure to arsenic in drinking water have been studied in detail in Bangladesh. In a large-scale prospective cohort study, the hazard ratio of developing chronic cough was positively correlated with water arsenic and urinary arsenic levels [42] . Indoor use of unprocessed biomass fuel (e.g., from wood or crop residues) was found to be a risk factor for chronic bronchitis [43] . In a rural population, sputum smear-positive TB was found in 1.4% of adults with cough > 3 weeks [40] .
In India, Chhabra et al. [44] conducted a cross-sectional study of 3,465 subjects in an urban area of East Delhi. The prevalence of chronic cough, as defined by the Medical Research Council definition of chronic bronchitis, was 2%. In a similar study conducted in South India, the prevalence of cough in 4,333 adults (age > 30 years) was 2.5% [45] . In both surveys, older age and smoking were demonstrated to be independent risk factors for chronic cough [44, 45] . Higher prevalence rates, 5.3% and 7.3%, were reported by Kumar et al. [46] in samples of 908 and 1,105 individuals from an industrial and a nonindustrial town in North India, respectively. In a recent study, the prevalence of chronic cough according to the definition of chronic bronchitis was reported to be 2.7% among women from a rural area of Central India [47] .
Although not addressing the prevalence of chronic cough itself, large population-based multicentre reports from India have addressed the prevalence of chronic obstructive pulmonary disease (COPD) using the standard criteria for chronic bronchitis (cough with expectoration for more than 3 months in a year over the past 2 or more years). In a cross-sectional study across four divergent geographical areas, COPD was diagnosed in 4.1% of a total of 35,295 subjects [48] . The same group also reported the prevalence of respiratory symptoms and risk factors for asthma and chronic bronchitis in 85,105 men and 84,470 women from 12 urban and 11 rural sites across India. The prevalence of chronic bronchitis was reported to 3.5%, and large differences in prevalence were seen between the different centres based on age, sex, and place of residence. Cough at night, in the morning and phlegm in the morning were also reported in this study. The prevalence (range) of these symptoms was 4.6% (1.6% to 14.5%), 4.3% (1.6% to 11.5%) and 3.8% (0.9% to 11.5%) respectively [49] .
The population in India is growing rapidly, and India is projected to become the world's most populous nation by the middle of this century. Both industrialisation and urban growth have occurred at a rapid pace in this previously agricultural society, leading to different and diverse risk factors for respiratory morbidity. Exposure to biomass fuels is very high in the agrarian setting, and industrial air pollution is a major factor in urban areas with industry. The use of biomass fuel has long been recognised as a risk factor for respiratory morbidity [50] . The indoor use of solid and biomass fuel is common in India as well as in other developing areas of the world. This household air pollution secondary to the indoor combustion of solid fuel is associated with respiratory morbidity and is a well-recognised factor associated with the development of COPD [51, 52] . A minimum threshold of biomass fuel exposure has been suggested as a significant risk factor for the development of chronic bronchitis [53] . This association between respiratory symptoms and exposure to indoor pollution was also observed in the previously mentioned large population-based survey [49] .
An association between outdoor air pollution due to industry and respiratory symptoms has been demonstrated [46] . Outdoor air pollution in the rapidly expanding metropolises of India is a significant issue and is thought to be a cause of significant respiratory morbidity [54] . Clearly, this is a phenomenon not limited to India, with the "Beijing Cough" being as notorious as the "Delhi Smog". However, this air pollution will have different effects according to the local milieu. For example, respiratory morbidity in traffic policemen has been attributed to pollution from vehicle exhaust fumes because these traffic policemen work in traffic and are directly exposed to such fumes [55] .
A "beedi" is a form of a cigarette in which tobacco is wrapped in a tendu leaf, tied with a string at one end, and smoked like a standard cigarette. As these are inexpensive compared with cigarettes, they are very popular, and they are used more commonly than conventional cigarettes in India. Conventional cigarettes are popular in more affluent population groups, whereas beedis are popular among those in the lower socioeconomic groups. The harmful effects of smoking beedis are thought to be greater than those of traditional cigarettes, and smoking beedis is a well-recognised risk factor for respiratory symptoms. Respiratory symptoms, including cough, are more commonly reported by beedi smokers than by cigarette smokers [56] . In fact, significant respiratory morbidity has also been reported in beedi binders, (i.e., those who roll the leaf with the tobacco inside and bind it) [57] .
A few studies in Pakistan and Sri Lanka have examined chronic cough resulting from specific occupations, such as those involving brick kilns, textile work, or gem cutting [58] [59] [60] . Additionally, 15.8% of subjects in a periurban area of Karachi City, Pakistan with cough lasting ≥ 2 weeks were found to have pulmonary TB [41] .
Western Asia
In the Middle East, the prevalence of chronic bronchitis (defined as "the presence of cough or sputum production for at least 3 months in each of 2 consecutive years") has been reported as 0.6-3.4% [61] . In Turkey, the prevalence of chronic cough (>3 months) was reported as 10.6% among adults living in Samsun, North Anatolia and was significantly related to older age and smoking [62] .
Mustard gas, which affects the skin, eyes, and lungs, was used as a chemical warfare agent in the Iran-Iraq war [63] . Many patients in this area are thought to have chronic cough related to previous mustard gas exposure in the absence of smoking history [64] . Meanwhile, in the United Arab Emirates, occupational cement dust exposure was found to be a risk factor for chronic cough [65, 66] . In Jordan, a community-population survey reported that the prevalence of persistent cough for longer than 3 weeks (defined as suspected TB) was 2.5%, and smear-positive TB was present in only 0.1% of subjects with cough [67] . Exposure to environmental pollutants and irritants is a risk factor for acute and chronic cough, which may be particularly important in rapidly developing countries. Infection, such as pulmonary tuberculosis or paragonimiasis, is a frequent cause of chronic cough in some areas. Host factors, such as older age, female sex, allergy, or comorbidities, may also predispose individuals to chronic cough hypersensitivity. Angiotensin converting enzyme (ACE) inhibitor-induced cough is more frequent in Asian than in Caucasian populations. Dietary habits may also influence the incidence of chronic cough. 
Central Asia
No studies in Central Asia were identified in this literature search.
EPIDEMIOLOGICAL DETERMINANTS OF CHRONIC COUGH IN ASIA
Based on the studies discussed above, we schematically summarised the epidemiological determinants of chronic cough in Asia in Fig. 1 . First, exposure to environmental pollutants and irritants was a major determinant and was particularly relevant in rapidly developing countries. These irritants and pollutants may provoke acute cough responses with a protective function and also induce chronic cough responses with chronic exposure, which is analogous to chronic bronchitis as a response to tobacco smoking.
Second, infection, such as pulmonary TB or paragonimiasis, continues to be an important risk factor for persistent cough (>2-3 weeks) in some Asian populations. The frequencies of these infectious conditions among patients with chronic cough >2-3 months remain to be elucidated. Third, previous regional incidents, such as chronic arsenic or chemical warfare exposure, also appeared to have affected respiratory morbidities, including chronic cough. In addition, an Asian dietary pattern may also be a modifier of the incidence of chronic cough, although further studies are required to determine the mechanisms underlying these effects.
Although we did not review recent epidemiological reports related to angiotensin converting enzyme inhibitor (ACEi) therapy, cough resulting from ACEi is a relatively well-recognised issue, particularly in Asians. In a previous comparative study conducted in the 1990s, Chinese subjects had a much higher risk of ACEi-related cough than Caucasians [68] . In a meta-analysis, the incidence of cough due to ACEi has been also reported to be 2.7 folds higher in East Asian populations compared with Caucasian ones [69] .
Age, gender, and comorbidities are other important factors. The predominance of older females is a typical demographic characteristic of chronic cough patients at cough clinics internationally [8] . Female sex is thought to be an intrinsic risk factor for developing chronic cough; both females reporting chronic cough and healthy female volunteers have more sensitive cough responses to tussigen inhalation [4, 70] . Allergic comorbidities are also important in chronic cough, as allergic inflammation may lead to afferent neuronal hypersensitivity [71] ; significant associations among cough, asthma, and allergic rhinitis have been consistently found in various general population surveys, including those in Asia and Europe [18, 72, 73] . However, considering the rapid westernisation and aging trends in Asia, the comorbidity associations of chronic cough may change and become more complex in the near future.
CONCLUSIONS
In this review, we examined the recent Asian literature and summarised several issues related to chronic cough in Asian countries. As summarised in Fig. 1 , several distinct factors seemed to underlie the epidemiology of chronic cough in Asian countries. Potentially serious infection was relevant, especially in developing countries. Exposure to pollutants, which is specific to urban and industrialised areas compared with rural and agrarian ones, was a common theme across Asian countries. Although cough clearly has some universally applicable determinants, it is necessary to consider these unique attributes of chronic cough in Asia.
Chronic cough is a significant health issue with high prevalence [9] , but the epidemiology has attracted little attention, as it has been mostly considered to be just one of the symptoms resulting from other pulmonary or nonpulmonary conditions [74] . However, as a result of recent advances in mechanistic studies, chronic cough has begun to be understood as a clinical entity with an intrinsic pathophysiology [6] . To gain a better understanding of chronic cough, further epidemiological investigations are required. We propose that methodological frameworks should be prepared and standardised to enable multinational surveys to investigate the epidemiology of chronic cough itself. allergy
